Background: Nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit both cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2). It is not known whether a specific inhibitor of COX-2 will provide efficacy in osteoarthritis (OA) comparable with NSAIDs. Therefore, we compared the efficacy and safety of the rofecoxib, which specifically inhibits COX-2, with those of the NSAID ibuprofen in patients with OA.
N
ONSTEROIDAL anti-inflammatory drugs (NSAIDs) are commonly used to treat the pain and inflammation caused by a variety of clinical disorders, including osteoarthritis (OA). The clinical effects of these drugs result primarily from the inhibition of the enzyme cyclooxygenase (COX), the first step in the conversion of arachidonic acid to prostaglandins. 1 Two COX isoforms (COX-1 and COX-2) have been identified and characterized. [2] [3] [4] [5] Cyclooxygenase-1 is constitutively active throughout the body 6, 7 and is only slightly upregulated in some cells in response to hormones or growth factors. 8, 9 In contrast, under basal conditions, COX-2 expression is restricted to the brain, 10, 11 reproductive tract, 12 kidney, 13 and pancreatic islet cells, 14 but it is markedly upregulated in response to inflammation and other stressors. [15] [16] [17] [18] [19] [20] These distinct expression patterns have led to the proposal that prostaglandins produced by COX-1 are largely responsible for physiologic functions, 21 while COX-2-derived prostaglandins mediate pathophysiologic and inflammatory processes. 21 In vitro and ex vivo assays have shown that NSAIDs nonspecifically inhibit both the COX-1 and COX-2 isoforms. [21] [22] [23] [24] [25] As prostaglandins are involved in the maintenance of gastrointestinal (GI) tract mucosal integrity, the well-recognized toxic effects of NSAIDs on the GI tract 26 have been proposed to result largely from inhibition of COX-1 activity. 21, 27 The therapeutic effects of NSAIDs may be attributable to COX-2 inhibition. 21, 28, 29 Therefore, agents that specifically inhibit COX-2 are being evaluated to determine whether they have efficacy equal to NSAIDs with an improved GI tract safety profile.
Rofecoxib, 4-[4-(methylsulfonyl)phenyl]-3-phenyl-2(5H)-furanone, inhibits human COX-2 with a greater than 800-fold degree of selectivity relative to COX-1 in an in vitro assay with Chinese hamster ovary cell lines expressing COX-1 or COX-2. 30 Using ex vivo human whole blood assays, rofecoxib showed dose-related inhibition of COX-2 activity but no significant inhibition of COX-1 activity with single oral doses ranging from 5 to 1000 mg. 30 Rofecoxib is, therefore, a specific inhibitor of the COX-2 isoform in humans.
Clinical evidence to support the hypothesis that rofecoxib has an improved GI tract safety profile compared with NSAIDs would consist of data demonstrating that rofecoxib provides improved GI tract safety compared with an NSAID at doses that provide comparable clinical efficacy. In 2 large multicenter
METHODS
The primary objective of this randomized, placebocontrolled clinical trial was to compare the clinical efficacy of rofecoxib (12.5 and 25 mg once daily) with ibuprofen (800 mg 3 times daily). All subjects gave written informed consent. The study protocol was approved by the institutional review boards or ethical review committees for all 49 investigative sites in 26 countries.
STUDY DESIGN
On confirmation of eligibility, patients were randomized to 1 of 4 treatment groups by a computer-generated allocation schedule: placebo, rofecoxib, 12.5 or 25 mg once daily, or ibuprofen, 800 mg 3 times daily. The primary purpose of this study was to compare the efficacy of rofecoxib with that of ibuprofen; a smaller placebo group was included to confirm that rofecoxib and ibuprofen had efficacy greater than that of the placebo. Thus, the allocation was 1:4:4:4 for placebo, both doses of rofecoxib, and ibuprofen. The masked allocation schedule was generated by an individual not otherwise involved with the study and kept concealed from all study participants. The allocation schedule was unblinded once all data had been entered, reviewed, and certified. Medication was provided in blister packages; study blinding was maintained by using a matching placebo for each study medication. Patients took 3 tablets each morning and 1 tablet at both midday and evening. Patients returned approximately every 2 weeks for 3 visits to assess both efficacy and safety. Patients were provided open-label acetaminophen for osteoarthritic pain not adequately controlled by the study medication; the maximum daily dose of acetaminophen allowed was 2600 mg, and the amount used was recorded. Patients returned 7 to 10 days after their last dose of study medication for posttherapy safety assessment.
ENTRY CRITERIA
The study included 2 groups of patients with OA. NSAID users: These patients discontinued their prior NSAID therapy on confirmation of eligibility. Following a washout period (longer than 5 plasma half-lives of prior NSAID use), patients' pain walking on a flat surface was assessed using question 1 of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC 3.0), 33 a patient-reported 100-mm visual analog scale (VAS). Patients were randomized to the study if they reported a minimum of 40 mm and an increase of 15 mm on the VAS compared with the value at the screening visit (ie, before discontinuation of NSAIDs), and if the investigator's global assessment of disease status worsened by at least 1 point on a 0-to-4 Likert scale compared with the screening visit.
Acetaminophen users: Patients who used acetaminophen instead of NSAIDs for the treatment of OA were randomized if at both the screening and randomization visits they met all 3 of the following criteria: (1) they reported a minimum of 40 mm on the pain VAS (question 1 of the WOMAC), (2) they reported a minimum of 40 mm on a separate VAS evaluating the patient's global assessment of disease status, and (3) the investigator rated the global assessment of disease status as fair, poor, or very poor.
The diagnosis of OA was based upon clinical and radiographic evidence of OA (joint space narrowing and osteophytes for knee and joint space narrowing for hip). Other entry criteria included age 40 years or older, American Rheumatism Association (ARA; Steinbrocker system) functional class I, II, or III 34 ; symptomatic for at least 6 months; the knee or hip the primary source of pain or disability; and, for women, postmenopausal or demonstrably nongravid. Patients were excluded if they had significant renal impairment (estimated creatinine clearance Յ0.50 mL/s [Յ30 mL/min] or serum creatinine level Ͼ177 µmol/L [Ͼ2.0 mg/dL]), clinically significant abnormal results of physical examination or laboratory screening, a positive fecal occult blood test result, malabsorption, class III/IV angina or congestive heart failure, uncontrolled hypertension, stroke or transient ischemic attack within 2 years, active hepatic disease, a history of recent neoplastic disease, or an allergy to acetaminophen or NSAIDs. Patients were excluded if they required aspirin at any dose, corticosteroids, warfarin sodium, or ticlopidine hydrochloride.
EFFICACY ASSESSMENTS
To obtain a comprehensive assessment of the effect of rofecoxib on the multiple clinical manifestations of OA, a variety of efficacy end points were included in the study that were derived from the assessments made by both the patient and the investigator.
At each visit, the patient completed the WOMAC 33 and a global assessment of overall disease status (100-mm VAS, ranging from "very well" to "very poor"). At treatment visits, the patient also rated the overall response of his or her OA to study medication on a 0-to-4 Likert scale ("none" to "excellent"). The physician rated (1) overall assessments of disease status (0-to-4 Likert scale of "very poor" to "very well"), (2) overall response of the patient's OA to study medication, and (3) study joint tenderness. Examination of study knee or hip joint for tenderness was performed with the patient in the supine position. Tenderness was defined as pain in response to passive motion or pressure; the hip was internally and externally rotated, and the knee was moved through the full available range to detect any end range pain and palpated around the medial and lateral joint lines while the knee was in the neutral position. Pain on palpation (knee only) or during passive range endoscopy studies 31, 32 performed in patients with OA, rofecoxib, 25 mg taken once daily, caused fewer endoscopically detected gastroduodenal ulcers than ibuprofen, 2400 mg (800 mg 3 times daily). Therefore, we undertook a prospective randomized study with the hypothesis that rofecoxib, 25 mg, would provide comparable clinical efficacy with ibuprofen, 800 mg 3 times daily. The main outcome measures were patient and physician assessments of efficacy in the treatment of OA.
RESULTS
Between April 30 and November 7, 1997, 1023 patients with OA were screened and 809 were enrolled in the study (Figure 1 ). Patients randomly assigned to the 4 treatof motion (hip and knee) was graded according to the following scale: 0, no pain; 1, patient states there is pain; 2, patient states there is pain and winces; and 3, patient states there is pain, winces, and withdraws.
Other measurements of efficacy included amount of rescue acetaminophen consumed and discontinuation from the study because of lack of efficacy of the study medication. The primary end points were pain walking on a flat surface, patient response to therapy, and investigator global assessment of disease status. Secondary end points included the WOMAC subscales (pain, stiffness, and disability), patient global assessment of disease status, investigator assessment of response to therapy, patients discontinued from the study because of lack of efficacy, acetaminophen use, and study joint tenderness.
TOLERABILITY ASSESSMENTS
Spontaneously reported adverse experiences and vital signs were monitored at every visit. Laboratory investigations, including hematology (complete blood cell count with differential), chemistry (electrolyte, urea nitrogen, creatinine, total protein, albumin, calcium, alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, and total bilirubin levels), and urinalysis (protein, glucose, pH, red blood cells, and white blood cells, with microscopic examination if there were any abnormal results) were performed at screening, randomization, 4 and 6 weeks of therapy, and the posttherapy visit. For all adverse experiences, the investigator recorded the intensity, the relation to test drug ("definitely not" and "probably not" related were scored as not drug-related adverse experiences; "possibly," "probably," and "definitely" related were scored as drug-related adverse experiences), the outcome, and any action taken.
STATISTICAL ANALYSIS
The primary measure for each efficacy end point (except discontinuation because of lack of efficacy) was the mean response (change from baseline) over all observation times in the 6-week treatment period. All data collected from discontinuation and unscheduled visits were included in this analysis; no missing values were imputed. For each end point, a patient had to have a baseline measurement and at least 1 measurement during the 6-week treatment period for the mean change from baseline to be computed. Only 14 of the 809 randomized patients were excluded from the analysis for one or more of the primary end points because of missing baseline or on-treatment data. Eightyfive percent of the randomized patients had a measurement recorded for all 3 primary end points at all of the planned observation times.
For each end point, analysis of covariance (ANCOVA) was used to model patient mean change from baseline as a function of the categorical predictors treatment, study center, and history of ulcer or upper GI tract bleeding, and a continuous covariate, the baseline measurement. Mean patient change from baseline and SEs resulting from the ANCOVA were used to compute 95% confidence intervals (CIs) for the between-treatment difference in mean response, tests to compare mean response with active treatments against the placebo, and posterior probabilities (based on Bayesian analyses with noninformative prior distributions 35 ) that the true mean differences in response to the active treatments were within the predefined clinical comparability bounds. All statistical tests for difference were 2-tailed with P=.05; PՅ.05 was considered statistically significant.
The primary hypothesis of this study was that rofecoxib would provide clinical efficacy comparable with ibuprofen as assessed by 3 primary end points: pain walking on a flat surface, patient response to therapy, and investigator global assessment of disease status. The following conditions had to be satisfied to conclude that the treatments were clinically comparable: in any 2 of the 3 primary end points, the 95% CIs of mean differences between treatment groups had to be within predefined comparability bounds (±10 mm on a 100-mm VAS and ±0.5 on a Likert scale), and all of the 3 posterior probabilities were required to be 0.950 or lower. These clinical comparability bounds are more conservative than those proposed by a consensus panel of rheumatologists 36 and were derived from results of previous OA trials with rofecoxib.
Separate analyses were performed to evaluate effects on treatment differences of subgroup factors, including race, age, sex, study joint (knee vs hip), and prior OA medication use (NSAID vs acetaminophen). These were assessed individually by adding each subgroup factor and its interaction with treatment to the ANCOVA model for each of the 3 primary end points.
Safety was assessed by comparing incidence rates of adverse experiences and exceeding predefined limits of change in laboratory and vital sign variables between the treatment groups. These between-group comparisons were calculated using the Fisher exact test; a step-down approach (25 mg first, and if significant, followed by 12.5 mg) was used for the comparisons of rofecoxib doses vs placebo.
This study had greater than 99% power to demonstrate comparable efficacy (according to the criteria cited) between rofecoxib and ibuprofen if their true difference is 0. Power calculations were based on observed treatment effects in other placebo-controlled studies with rofecoxib. Since this study was designed using variability data from a pilot study (data on file, Merck Research Laboratories), provision was made for larger variability. If the underlying SDs were 25% larger than those observed in the pilot study, the power was approximately 94%. ment groups had similar sociodemographic and clinical characteristics, including baseline values for efficacy end points (Table 1, Figure 1 , and Figure 2 ; additional data not shown).
Of the 809 patients, 709 (88%) completed the study; the overall discontinuation rate was comparable among treatment groups (Figure 3 ; additional data not shown). There was a significantly higher discontinuation rate because of clinical adverse experiences in the ibuprofen group compared with the placebo group (PϽ.05), whereas both rofecoxib groups were not significantly different from placebo. There were significantly fewer discontinuations because of lack of efficacy (PՅ.009) in the active therapy groups compared with the placebo group (Figure 3) . The number of patients who withdrew for other reasons was similar between all groups (PϾ.05). Figure 2 presents the mean change from baseline during the 6-week treatment period for the 3 primary end points (pain walking on a flat surface, patient response to therapy, and investigator global assessment of disease status) and the secondary end point of the physical function subscale of the WOMAC; data for all primary and secondary end points are shown in Table 2 . For all 4 end points, the treatment effect was similar among all active groups and was superior to the placebo group. Maximum treatment effects were seen (Figure 2 ) by the first evaluation (2 weeks) and were sustained throughout the 6-week treatment period. The treatment effect of rofecoxib was consistently seen for all primary and secondary end points ( Figure 2 and Table 2 ); for each end point the effect was similar among all active groups, and all active groups were superior to the placebo group.
EFFICACY
The clinical efficacy of both rofecoxib doses was comparable with that of ibuprofen during 6 weeks of treatment using the prespecified comparability criteria (see the "Methods" section). For all 3 primary end points, the 95% CIs for the difference of mean response between each of the treatment pairs (rofecoxib, 25 mg, and ibuprofen; rofecoxib, 12.5 mg, and ibuprofen; and rofecoxib, 25-12.5 mg, and ibuprofen) were within the predefined comparability bounds, and the posterior probability that the true mean difference was within the predefined comparability bounds was greater than 0.950. The effect of rofecoxib, 25 mg, was significantly superior to that of ibuprofen (PϽ.05) for 2 of the 3 primary end points (patient response to therapy [P=.005] and investigator global assessment of disease status [P =.005]).
Analyses were performed to determine if the treatment effects observed were consistent across various subgroups of patients using treatment-by-subgroup analyses for the 3 primary end points. Treatment effects were consistently observed whether the patients had knee vs hip as the primary study joint and whether they were an acetaminophen user vs an NSAID user at study entry. No statistically significant interactions were observed between treatment and study center, sex, race, age, or ARA functional class at study entry.
TOLERABILITY
The incidence of any clinical adverse event was not significantly different among the treatment groups (41.9% in the placebo group vs 50.8% [rofecoxib, 12.5 mg], 53.3% [rofecoxib, 25 mg], and 51.8% [ibuprofen] in the active groups). Drug-related clinical adverse events were more common in all active therapy groups compared with placebo (10.8% vs 27.5%, 31.0%, and 30.5%, respectively; P=.003). Clinical adverse events that led to discontinuation from the study were most common in the ibuprofen group (1.4% vs 4.1%, 3.7%, and 8.4%, respectively; P=.03 vs placebo for ibuprofen only); this was mostly accounted for by adverse experiences related to the GI tract. Two symptomatic gastric ulcers were observed in the study; both were in the ibuprofen treatment group. The most common clinical adverse experiences were epigastric discomfort (0% vs 5.7%, 5.8%, and 8.0%, respectively), diarrhea (4.1% vs 4.5%, 5.0%, and 5.2%, respectively), and nausea (1.4% vs 2.9%, 6.6%, and 3.6%, respectively). The incidence of any laboratory adverse event was not significantly different among the treatment groups (4.1% in the placebo group vs 10.7% [rofecoxib, 12.5 mg], 7.6% [rofecoxib, 25 mg], and 13.4% [ibuprofen] in the active groups). The mean changes in body weight and blood pressure were similar in all treatment groups. Adverse experiences of edema or hyper- tension were reported at similar rates in all treatment groups.
COMMENT
The discovery of 2 isoforms of COX, the target enzyme inhibited by NSAIDs, has led to a number of questions concerning the role of inhibiting COX-1 vs COX-2 in terms of the efficacy and safety of this widely prescribed class of drugs. Previous work has demonstrated that specific inhibitors of COX-2 are efficacious in the treatment of OA, 37 but left open the question of how that efficacy compares with NSAIDs, which inhibit both COX-1 and COX-2. In this report, we demonstrated that the efficacy of rofecoxib, which specifically inhibits COX-2, was comparable with that of a high dose of the NSAID ibuprofen. Importantly, we characterized the effect of rofecoxib on a variety of the clinical manifestations of OA, and in all cases, we found the efficacy of rofecoxib to be comparable with ibuprofen. These results were obtained in a large, diverse population of patients from 26 different countries, and the results were consistent across race, age, sex, study joint, and prior OA medication use (NSAID vs acetaminophen). Our data also demonstrated that rofecoxib, 12.5 and 25 mg, provided comparable clinical efficacy. Based upon these and other data, it is recommended that 12.5 mg be used as the initial dose of rofecoxib for the treatment of OA.
38
The NSAIDs are associated with a number of toxic effects, the most important of which are related to the GI tract and the kidney. To firmly establish an improved safety profile of rofecoxib in contrast to NSAIDs, it is important that the safety profiles be compared using doses that provide equivalent efficacy. This study rigorously demonstrated that both once-daily doses (12.5 mg and 25 mg) of rofecoxib Patients discontinued from the study because of lack of efficacy or adverse experience. The rate of discontinuation for lack of efficacy was greater in the placebo group compared with each of the treatment groups ( PϽ.05). The rate of discontinuation for an adverse event was greater only in the ibuprofen group compared with the placebo group ( PϽ.05).
(which specifically inhibits COX-2) provided comparable clinical efficacy with ibuprofen, 800 mg 3 times daily (a dual COX-1 and COX-2 inhibitor). Therefore, it is appropriate to compare the safety and tolerability of rofecoxib, 12.5 and 25 mg, with those of ibuprofen, 2400 mg.
It is important to note that no adverse events unique to the specific inhibition of COX-2 were apparent in the rofecoxib treatment groups as assessed in this 6-week controlled clinical trial. All active treatments were generally well tolerated. Adverse experiences potentially attributable to renal effects of COX inhibition, such as edema, hypertension, weight gain, and changes in blood pressure, were comparable in all treatment groups, including the placebo group.
An important clinical adverse effect of NSAIDs is their propensity to lead to serious upper GI tract events, such as perforations, gastric and duodenal ulcerations, and upper GI tract bleeding. In other clinical studies, 31, 32 as assessed by endoscopy, the incidence of abnormalities of the GI mucosae associated with rofecoxib, 25 and 50 mg, was substantially less than that associated with ibuprofen, 800 mg 3 times daily. Our study was not intended to assess endoscopically diagnosed ulcerations and was not large enough or long enough to compare the incidence of serious upper GI tract events. However, in an overview analysis of all clinical trials 39 performed with rofecoxib, including our study, the incidence of serious upper GI tract events was found to be significantly less with rofecoxib compared with NSAIDs.
In summary, we have demonstrated that specific inhibition of COX-2 provides efficacy in the treatment of OA that is comparable with that of high doses of the NSAID ibuprofen. The safety of rofecoxib, 12.5 and 25 mg once daily, was not significantly different from placebo and ibuprofen, 800 mg 3 times daily.
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